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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method and 
apparatus for producing a molded article and especially 
to a method and apparatus for molding and cooling plas- 
tic molded articles such as preforms made of single or 
multiple materials such as plastic resins. In particular, 
the invention teaches a rapid injection molding process 
where the molded articles, such as PET preforms, are 
ejected from the mold before the cooling step is com- 
plete. This is possible as a result of the utilization of a 
new post-mold cooling process and apparatus where 
the preforms are cooled internally by convection heat 
transfer, after being removed from the mold and retained 
outside the mold area. The present invention also teach- 
es additional external cooling, done through either con- 
vection or conduction heat transfer, which may take 
place at least partially simultaneously with the internal 
cooling. 

[0002] Proper cooling of molded articles represents a 
very critical aspect of the injection molding process be- 
cause it affects the quality of the article and impacts the 
overall injection cycle time. This becomes even more 
critical in applications where semicrystalline resins are 
used, such as the injection molding of PET preforms. 
After injection, the PET resin remains in the mold cavity 
space for cooling for a sufficient period of time to prevent 
formation of crystalline portions and to allow the preform 
to solidify before being ejected. 
[0003] Two things typically happen if a preform is rap- 
idly ejected from a mold in order to reduce the cycle time 
of the injection process. The first is that the preform is 
not uniformly cooled. In most instances, the bottom por- 
tion opposed to the mold gate is crystallized. The 
amount of heat accumulated in the walls of the preforms 
during the injection process will still be high enough to 
induce post molding crystallinity especially in the gate 
area of the preform. The gate area is a very critical spot 
because cooling of the mold in this portion is not effec- 
tive enough and also because the resin in the mold cav- 
ity space is still in contact with the hot stem of the hot 
runner injection nozzle. If this area of a preform remains 
crystalline above a certain size and depth, this will weak- 
en the quality of a blown article. The second is that the 
preform will be too soft and thus can be deformed during 
the next handling steps. Another critical area of a pre- 
form is the neck finish portion which in many instances 
has a thicker wall and thus retains more heat than the 
other portions. This neck portion needs aggressive post- 
mold cooling to prevent it from becoming crystallized. 
Also aggressive cooling tends to make the neck solid 
enough to sustain further manipulations. 
Many attempts have been made in the past to improve 
the cooling efficiency of PET injection molding systems, 
but they have not resulted in a significant improvement 
in the quality of the molded preforms or a substantial 



reduction of the cycle time. Reference is made in this 
regard to the US-A-4 382 905 which discloses an injec- 
tion molding method where the molded preform is trans- 
ferred to a first tempering mold for a first cooling step 

s and then to a second tempering mold for a final cooling 
step. Both tempering molds are similar to the injection 
mold and have internal means for cooling their walls that 
make contact with the preform during the cooling proc- 
ess. The US-A-4 382 905 does not teach the provision 

10 of cooling devices located on the means for transferring 
the preforms from the molding area or additional cooling 
devices that circulate a fluid coolant inside the molded 
parison. 

The US-A-4 592 719 discloses an injection molding 
fs method for fabricating PET preforms where molded pre- 
forms are removed from the injection cores by a first 
movable device comprising vacuum sucking devices for 
holding the preforms and also comprising air absorption 
(convection) cooling of the outer surface of the preform. 
20 A second cooling device is used by US-A-4 592 71 9 in 
conjunction with a second movable device to further 
cool the inside of the preforms also by air absorption. 
See Fig. 22 herein. The US-A-4 592 71 9 does not teach 
cold air blowing inside a preform which has a significant- 
25 |y higher cooling effect with respect to sucking or ab- 
sorbing ambient air and also does not teach cooling 
means by conduction heat transfer located in intimate 
contact with the preforms wall and air blow means di- 
rected to the dome portion of the preforms. The US-A- 
30 4 592 719 suffers from a number of deficiencies includ- 
ing less cooling efficiency, less uniformity, longer cooling 
time, high potential for preform deformation. 
The US-A-5 176 871 and 5 232 715 show a preform 
cooling, method and apparatus. The molded preform is 
35 retained by the injection molding core outside the mold 
area. The mold core is cooled by a coolant that does not 
make contact with the molded preform. A cooling tube 
larger than the preform is placed around the preform to 
blow cooling air around the preform. The principal prob- 
40 lem with the apparatus and method shown in these pat- 
ents is that the preform is retained in the mold core and 
this significantly increases the cycle time. Also internal 
cooling is not achieved by direct contact between cool- 
ant and the preform. 
45 Further reference is made to US-A-5 114 327, 5 232 
641 , 5 338 1 72 and 5 51 4 309 that teach a preform in- 
ternal cooling method using a liquid coolant. Preforms 
ejected from a mold are transferred to a preform carrier 
having vacuum means to retain the preforms in place 
so without making contact with the preforms' external wall. 
The preforms carrier however does not have any cooling 
devices. Cooling cores are further introduced inside the 
preforms retained by the carrier and a cooling fluid is 
blown inside the preforms to cool them. The coolant is 
55 further removed by the same vacuum means that retain 
the preforms from the chamber surrounding the pre- 
forms. These patents do not teach blowing cold air in- 
side a preform where the air freely leaves the preform 
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after cooling. These patents also do not teach simulta- 
neous cooling of the preforms internally and externally 
or a preform carrier having cooling means. See Fig. 21 
shown herein. 

[0004] Further reference is made to Japanese Pat. 
Disci. 7-1 71 888 which teaches a preform cooling appa- 
ratus and method. A molded preforms robot carrier is 
used to transfer the preforms to a cooling station. The 
robot includes external cooling of the preforms walls by 
conduction thermal transfer using a water coolant. The 
cooling station comprises a first movable transfer robot 
that has a rotary hand portion including vacuum means 
for holding the preforms and also external cooling of the 
preforms walls by conduction thermal transfer. The 
molded preforms are transferred from the robot carrier 
to the hand portion. The hand portion is moved from po- 
sition A to position B where it is rotated by 90° in order 
to transfer the preforms (cooled so far only at the exte- 
rior) to a cooling tool. The cooling tool has means to hold 
the performs, devices to cool the inside of the preforms 
by blowing air and devices to cool the outside of the pre- 
forms by either blowing air or water cooling. The internal 
cooling which is employed is shown in FIGS. 1 9 and 20 
herein. This patent does not teach a cooling method 
where internal and external cooling are performed as 
soon as possible from the moment the preforms are 
ejected from the mold and into a carrier plate. It also 
does not teach simultaneous internal and external cool- 
ing of the preforms while they are retained by the mov- 
able robot carrier. Therefore, this cooling method is not 
fast enough and does not prevent crystallinity formation 
outside the mold. 

[0005] Figures 1 9 and 20 show known methods of in- 
ternally cooling preforms where a cooling device is lo- 
cated outside the preform and is used to blow cool air 
inside the preform. Because the air nozzle is located 
outside the preform, the incoming cold air flow will inev- 
itably interfere and mix at least partially with the outcom- 
ing warm flow. This will significantly reduce the cooling 
efficiency. If the cooling device is on the same axis with 
the preform, the approach of Figure 1 9 is ineffective be- 
cause there is no air circulation in the preform. If the 
cooling device is laterally shifted as in Figure 20, internal 
air circulation is achieved, but this still ineffective be- 
cause one side of the preform is better and faster cooled 
than the other. The coolant has a quasi-divergent flow 
profile with a non-symmetrical profile. This profile is very 
ineffective and does not allow concentration of the cool- 
ant fluid/gas towards the sprue gate or dome portion. 
[0006] JP-A-081 03948 shows a plurality of cylindrical 
protrusions located in a dedicated cooling chamber. A 
take-off robot releases the preform onto an upstanding 
cylindrical protrusions such that the cylindrical protru- 
sions bottoms out and rests on the preform. 
[0007] US patent 5, 114, 327 is a closed system ar- 
ranged to recycle coolant. A central cooling stem con- 
tains a multiplicity of openings therein, which opening 
are along the length of the stem to sink heat from the 



entire preform. 

[0008] US RE33237 describes a multi-position take- 
out plate in which molded preforms can be retained with- 
in the take-out plate (for cooling purposes) for an ex- 
5 tended period of time. 

Summary of the Invention 

[0009] It is a principal object of the present invention 

w to provide a method and apparatus having an improved 
cooling efficiency in relation to the production preforms. 
It is a further object of the present invention to provide 
a method and apparatus as above which produce pre- 
forms having improved quality. It is yet another object of 

'5 the present invention to provide a method and appara- 
tus as above that reduce overall cycle time. 
[0010] The innovative molding and cooling method of 
the present invention comprises removing the preforms 
from the mold before the preforms are fully cooled inside 

20 the mold, i.e. they still retain a certain amount of heat 
that may potentially crystallize the sprue gate portion, 
the neck finish portion or the entire preform; 
retaining the preforms outside the molding area; inter- 
nally cooling the preforms by convection heat transfer 

25 so that crystallization does not occur in any of the afore- 
mentioned regions, saidcooling step comprising placing 
the coolant in direct contact with the preform; and exter- 
nally cooling the preforms by convection heat transfer 
so that crystallization does not occur in any of the afore- 

30 mentioned regions. The external cooling step may be 
performed simultaneously, at least partially simultane- 
ously, or sequentially, with respect to the internal cooling 
step. In another embodiment, the innovative molding 
and cooling method of the present invention comprises 

35 removing the preforms from the mold before the pre- 
forms are fully cooled inside the mold, i.e. they still retain 
a certain amount of heat that may potentially crystallize 
the sprue gate portion, the neck finish portion, or the 
entire preform; retaining the preforms outside the mold- 

40 ing area; internally cooling the preforms by convection 
heat transfer so that crystallization does not occur in any 
of those regions, said internal cooling step comprising 
placing the coolant in direct contact with the preform; 
and externally cooling the preform by conduction heat 

« transfer so that crystallization does not occur in any of 
the aforementioned regions. The external cooling step 
may be performed simultaneously, at least partially si- 
multaneously, or sequentially with respect to the internal 
cooling. 

so in each of these embodiments, the preforms are ejected 
from the mold and are retained external to the mold by 
means independent of the mold such as for example a 
movable take off plate. Such independent retention 
means may retain one batch of molded preforms or sev- 

55 eral batches of preforms simultaneously. When several 
batches are held by the independent means, the batch- 
es will have different temperatures because they were 
molded at different times. According to the present in- 
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vention, the molded preforms will be cooled in different 
sequences internally and externally using the cooling 
method of the present invention. In each embodiment 
of the present invention, internal cooling is done using 
cooling pins, that enter at least partially inside the pre- 
form and circulate coolant therein. 
[0011] Cooling is preferentially done by a quasi-sym- 
metrical flow of coolant delivered inside the preform that 
can be directed towards the portions of the preforms that 
need more cooling than the others, such as the sprue 
gate and the neck finish. 

[0012] The coolant is directed toward the bottom or 
dome portion of the preform so as to create an annular 
flow of coolant. In certain embodiments of the present 
invention, the innovative internal cooling of the preforms 
is supplemented by external cooling that can be done 
in several ways. For example, the external cooling can 
be done on a take out plate (single or multiple position) 
that has cooling means operative using either conduc- 
tive (cooled water) or convection (air/gas) heat transfer. 
It also can be done on a take out plate (single or multiple 
position) that does not have cooling means whereby the 
preforms are only partially in contact with their holders. 
In this way, cooling gas/air can be delivered by an inde- 
pendent cooling device to directly touch the outer sur- 
face of the preforms. Yet in another embodiment, the 
preforms are retained in a take-out plate that does not 
have any cooling means and are solely cooled internally 
by the new cooling pins of the present invention. 
[0013] The innovative cooling approach of the present 
invention in one embodiment may be achieved by re- 
moving the preforms or molded articles from the mold, 
holding the preforms or molded articles in a robot take- 
off-plate having a system for cooling the exterior surfac- 
es of the preforms or molded articles, and thereafter en- 
gaging cooling means inside the preform or molded ar- 
ticle to effect simultaneous cooling of the exterior and 
interior surfaces. According to the present invention, an 
additional cooling step is introduced whereby the tem- 
perature of the preform is reduced using heat transfer 
by convection, such as by circulating a cooling gas in- 
side the preform. 

[0014] The method and apparatus according to the 
present invention, as previously discussed, can be ad- 
vantageously used to prevent crystallization in the most 
critical areas of preforms, namely the bottom part or the 
dome portion where the sprue gate is located and the 
neck portion. Further, the cooling method and apparatus 
of the present invention can be integrated into an injec- 
tion-blow molding machine where the cooled preforms 
with no crystallinity are further temperature conditioned 
and blown into bottles. 

[0015] The present invention provides a method and 
apparatus for preventing crystallization in an injection 
molded preform by enhanced out of the mold cooling. 
Molten material is injected into a mold formed by two 
mold halves or plates which in a mold open position are 
spaced apart so as to define a molding area. The molten 



material is cooled while in the mold cavity space formed 
by the mold halves up to a temperature substantially 
close to the crystal-glass transition temperature of the 
molten material so that the molded article can be me- 
5 chanically handled outside the mold without suffering 
any geometrical deformation. Opening of the mold 
halves by a distance sufficient to allow a molded article 
carrier to be moved between the two mold halves allows 
ejection of the molded articles from the mold and their 
10 transfer to the movable carrier. Cooling of the molded 
articles, occurs while they are in the movable carrier (by 
heat transfer conduction) to reduce crystallinity whereby 
the coolant is blown air and further internal cooling the 
molded articles by convection heat transfer occurs until 
*5 each molded article is substantially free of any crystal- 
lized portion. The same method can be implemented us- 
ing a movable carrier including convective heat transfer 
means for external cooling. 

[0016] As used herein, the terms "take-off plate", 
20 "take-out plate" and "end of arm tool" are used inter- 
changeably and refer to the same structure(s). 
[0017] In accordance with a first aspect of the present 
invention, there is provided a method of cooling a mold- 
ed article having a first region at a relatively high heat 
25 and an adjacent region at a relatively lower heat, the 
method comprising: removing a molded article from a 
mold comprised from mold halves, the molded article 
removed into a holder of an end of ami tool while said 
molded article retains an amount of heat, the end of arm 
30 tool operational between a first position between the 
mold halves where the holder receives the molded arti- 
cle and a second position outside of the mold; withdraw- 
ing the end of arm tool from between the mold halves to 
the second position ; at a time after withdrawal of the end 
35 of arm tool to the second position, inserting a tip of a 
cooling pin into the molded article while the molded ar- 
ticle is held within the holder; the method characterized 
by: forming an open system in relation to the cooling pin 
and the molded article, the open system having a pas- 
40 sageway allowing venting of gaseous cooling fluid from 
an interior of the molded article to an ambient environ- 
ment, the open system formed by positioning the cooling 
pin relative to an open end of said molded article (48) to 
define a space between a region of an external surface 
45 of thecooling pin and theopen end of saidmolded article 
(48) adjacent the region of the external surface, wherein 
the space defines the passageway; and forcing a gas- 
eous cooling fluid along an internal channel of the cool- 
ing pin, the internal channel terminating at the tip that, 
so upon insertion into the molded article, is spaced away 
from the first region, the gaseous cooling fluid expelled 
from the tip mostly in a direction of the first region to 
accentuate cooling within at least the first region, and 
whereby the gaseous cooling fluid is allowed to flow 
55 from the interior of the molded article and via the pas- 
sageway to vent into the ambient environment and 
wherein cooperation of the internal channel and the tip, 
when located within the molded article, focuses the cool- 
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ing fluid on the first region. 
[0018] In another aspect of the present invention 
there is provided apparatus for cooling a molded article 
made in an injection mold formed from mold halves, the 
molded article having a first region at a relatively high 
heat and an adjacent region at a relatively lower heat, 
the apparatus comprising: an end of arm tool having at 
least one holder, the end of arm tool operational, in use, 
between a first position between the mold halves where 
it receives the molded article into a respective one of the 
at least one holder and a second position outside of the 
mold, the molded article located, in use, into the respec- 
tive one of the at least one holder at a time when the 
molded article retains an amount of heat; a cooling pin 
on a frame located adjacent the second position, the 
cooling pin having a tip and the frame arranged, in use, 
to move relative to the end of arm tool to cause insertion 
of the tip of the cooling pin into the molded article after 
the end of arm tool reaches the second position; char- 
acterized in that: the cooling pin has an internal channel 
terminating at the tip that, upon insertion intothe molded 
article by relative movement of the frame and the end 
of arm tool, is within the molded article but spaced away 
from the first region and wherein the cooling pin, in use, 
is connectable to a cooling fluid delivery system ar- 
ranged to force gaseous cooling fluid along the internal 
channel to cause expulsion of the gaseous cooling fluid 
from the tip mostly in a direction of the first region to 
accentuate cooling within at least the first region; and 
the frame is positioned, during the expulsion of the gas- 
eous cooling fluid from the tip, with respect to the end- 
or-arm tool such as to define, in use, an open system 
having a passageway allowing venting of gaseous cool- 
ing fluid from an interior of the molded article to an am- 
bient environment and wherein the apparatus is opera- 
tional, during the expulsion of gaseous cooling fluid from 
the tip, to distance the frame from the end-of-arm tool 
and the passageway of the open system is produced by 
formation of a space between a region of an external 
surface of the cooling pin and an open end of the molded 
article both located, in use, within the respective holder 
and positioned adjacent said region of the external sur- 
face of the cooling pin. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a graph showing the preform temperature 
vs. time during and after the injection step; 
Fig. 2 is a schematic representation of a preform in 
the mold; 

Figs. 3(a) and 3(b) show the temperature gradient 
across the walls of a molded preform during cooling; 
Fig. 3c shows the temperature profile along the pre- 
form walls. 

Fig. 4 is a sectional view showing a prior art injec- 
tion mold; 



; ig. 5 is a sectional view showing a movable robot 
icluding an end-of-arm-tool (EOAT) device placed 
l the molding area between the stationary and 
novable mold plates; 

: igs. 6(a) and 6(b) are side views showing an em- 

lodiment of the present invention including a robot 

ake-off-plate (or end of arm tool, EOAT) and a 

rame holding cooling pins; 

: igs. 6(c) and 6(d) are front views of the embodi- 

nentof Figs. 6(a) and 6(b); 

: igs. 7(a) - 7(d) shows the frame and the cooling 

>ins according to a first embodiment of the present 

nvention; 

: igs. 8(a) - (g) shows several cooling pin designs 
according to the present invention; 
=igs. 9(a) and 9(b) illustrate a more detailed view 
jf the cooling pins according to two embodiments 
)f the present invention; 

=ig. 10(a) shows a preform having crystallized 
zones as they are generated in prior art methods; 
pig. 10(b) shows a preform without crystallized 
zones as it results after the method of the present 
nvention; 

Figs. 1 1 (a) - 1 1 (1 ) show another embodiment of the 
frame and cooling pins according to the present in- 
vention; 

Fig. 12 is a sectional view of a system wherein air 
cooling channels are incorporated into the mold 
halves; 

Figs. 1 3(a) and 1 3(b) are side views of another em- 
bodiment of the cooling system of the present in- 
vention; 

Fig. 1 4 is a top view of an injection molding system 
having another embodiment of the cooling system 
of the present invention; 

Fig. 15 is a sectional view of yet another embodi- 
ment of the cooling system of the present invention 
showing the mechanism for cooling the interior of 
the molded articles attached to the take-off-plate; 
Fig. 16 illustrates an embodiment of the present in- 
vention wherein a take-off plate with no cooling 
means is used to remove the molded preforms from 
the molding area; 

FIG. 17 illustrates the construction of an alternative 
cooling pin in accordance with the present inven- 
tion; 

FIGS. 18(a) and (b) illustrate the construction of yet 
another alternative cooling pin in accordance with 
the present invention; 

FIGS. 19 and 20 illustrate priorart methods for cool- 
ing the interior of a preform; 
FIG. 21 illustrates another prior art system for cool- 
ing the interior and the exterior of a preform; 
FIG. 22 illustrates a prior art system using the suck- 
ing of ambient air to cool a preform; and 
FIG. 23 illustrates an alternative frame construction 
with cooling pins on multiple surfaces of the frame. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0020] Referring now to the drawings, Fig. 1 is a graph 
showing the evolution of preform temperature vs. time 
during and after the injection step. Fig. 2 is a schematic 
representation of a preform while it is in the mold. As 
can be seen from this figure, cooling while in the mold 
is typically effected by cooling tubes 12 and 14 posi- 
tioned within the mold cavity 1 6 and the mold core por- 
tions 1 8 respectively. As a result, cooling is effected from 
both sides of the preform 11 . Further, as shown in Fig. 
2, the mold cavity plate 16 typically has a gate region 
20 at which the bottom part or the dome portion 22 of 
the preform 11 is formed. The preform has a neck finish 
portion 13 which sometimes has a thick wall which is 
difficult to cool to prevent crystallinity. 
[0021] Figs. 3(a) and 3(b) show the temperature gra- 
dient across the walls of a molded preform during cool- 
ing. Fig. 3(a) shows the temperature gradient inside the 
mold, while Fig. 3(b) shows the temperature gradient 
outside the mold. Fig. 3(c)shows the temperature profile 
along the preform walls. The temperature spike repre- 
sents the temperature in the dome or sprue gate portion 
of the preform. 

[0022] Referring now to Fig. 4, an injection mold is 
provided which includes a stationary mold half or plate 
32 having an array of mold cavities 34 and a movable 
mold half or plate 36 having an array of mold cores 38. 
The mold cavity plate 32 is in fluid communication with 
a manifold plate (not shown) that receives molten ma- 
terial from an injection unit (not shown) of an injection 
molding machine. The mold cavities 34 receive the mol- 
ten material from hot runner nozzles (not shown), such 
as for example a valve gated nozzle (not shown), 
through mold cavity gates 40. The mold cavities are 
each surrounded by cooling means 42 for cooling the 
molten material in the cavity space formed by the mold 
core 38 and the mold cavity 34 when the mold plates 32 
and 36 are in a mold closed position. The cooling means 
42 are preferably formed by cooling channels embed- 
ded within the mold plate 32 for conducting a cooling 
fluid. As previously discussed, the mold cores 38 and 
the mold cavities 34 form in the mold closed position a 
plurality of mold cavity spaces (not shown) that are filled 
with molten material through the mold gates 40 during 
the injection step. The mold cores 38 also include 
means 44 for cooling the molten material in the cavity 
space. The cooling means 44 preferably comprise a 
cooling tube within each mold core. The mold core plate 
36 further includes an ejector plate 46 which is used to 
remove the molded preforms 48 from the mold cores 38. 
The operation of the ejector plate 46 is well known in the 
prior art and does not form part of the present invention. 
In fact, the ejector plate 46 may comprise any suitable 
ejector plate known in the art. 
[0023] According to an embodiment of the current in- 
vention, any molten plastic, metal or ceramic material 
can be injected into the mold cavity space and cooled 



into a desired article using the mold system of Fig. 4. In 
a preferred embodiment of the current invention, the 
molten material is PET and the molded article is a pre- 
form. According to an embodiment of the present inven- 

5 tion however, the molded article can also be a preform 
made of more than one material, such as for example 
virgin PET, recycled PET and an appropriate barrier ma- 
terial such as for example EVOH. 
[0024] As is known in the art, a preform is molded by 

to closing the mold, injecting the molten material into the 
cavity space, initiating cooling of the cavity space, filling 
the cavity space, holding the molten material under 
pressure, performing final in-mold cooling, opening the 
mold, ejecting the solidified articles or preforms from the 

15 cores and transferring the articles or preforms to a take- 
off plate. 

[0025] According to an embodiment of the present in- 
vention, in order to reduce the overall cycle time, the 
residence time of the preform in the mold has to be min- 
20 imal so that the mold is able to produce batches of pre- 
forms as fast as possible. The problem with a reduced 
residence time in the mold is that the cooling time has 
to be reduced, but in such a manner that the molded 
articles or preforms are solid enough to withstand all the 
25 subsequent handling steps without deformation. A re- 
duced cooling time is a problematic option because the 
articles or preforms are not sufficiently and uniformly 
cooled by the cooling means 42 and 44. The amount of 
heat retained by the article or preform after being cooled 
30 inside the mold for a reduced time and immediately after 
opening the mold is very significant and depends on the 
thickness of the molded article or preform. This internal 
heat has the potential to generate crystallized portions 
at the sprue gate area or dome portion of the molded 
35 article or preform, the neck finish portion of the molded 
article or preform, or the entire preform. In order to pre- 
vent the crystallization of the molded article or preform, 
a very aggressive cooling method has to be used. Dur- 
ing cooling, attention must be paid so as to control the 
40 shrinkage of the molded articles which can adversely 
affect their final dimensions. 

Fig. 5 illustrates one embodiment of a robot take-off 
plate 60 which can be used in the cooling method of the 
present invention. The take-off plate 60 includes a plu- 

45 rality of hollow holders or receptacles 62 which can be 
water cooled tubes. Typical take-off plates which may 
be used for the take-off plate 60 are shown in US-A-5 
447 426 and in US Reissue Patent No. RE 33 237 In 
operation, the mouth of a plurality of holders 62 are 

so aligned with the mold cores 38 of the mold plate 36. 
Transfer of the molded articles 48 to the holders 62 is 
effected by operation of the ejector plate 46. According 
to an embodiment of the present invention, the take-off 
plate 60 can be provided with a number of holders 62 

55 equal to the number of mold cores 38 or a larger number 
of holders 62 such as a multiple of the number of mold 
cores, for example three or four times the number of 
mold cores. By having more holders 62 than the number 
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of cores 38, it is possible to retain some of the molded 
articles for a time longer that a single molding cycle and 
thereby increase the cooling time while maintaining a 
high output of molded articles. The method of the 
present invention can be carried out irrespective of the 
relative number of molded articles retained by the hold- 
ers 62. Nevertheless, in the preferred embodiment of 
the invention, the robot take-off plate 60 has a number 
of holders 62 which represent three times the number 
of cores 38. This means that the take-off plate 60 does 
not always carry a number of preforms or molded arti- 
cles equal to the number of holders 62. This also means 
that a single batch of preforms can be moved back more 
than once into the mold area between the mold core and 
cavity plates to pick up other batches of molded articles, 
while being cooled by intimate contact between the hol- 
low tubes 64 within the take-off plate, which tubes 64 
carry a cooling liquid such as water, and the external 
wall of the preforms as shown in more detail in the afore- 
mentioned US-A-5 447 426. The heat transfer between 
the tubes 64 and the hot molded articles released from 
the mold is performed through conduction. More partic- 
ularly, any solid material incorporating any cooling 
means can be used and brought into intimate contact 
with the exterior wall of the molded articles to cool the 
molded articles. By using a cooling system based on 
heat transfer through conduction implemented through 
an intimate contact between the molded article or pre- 
form and the cooling means, the shape of the article or 
preform is maintained without deformations or scratch- 
es caused by handling. 

If desired, the conductive cooling means 64 employed 
in the take-off plate can be replaced by a convective 
heat transfer means. Any suitable convective heat 
transfer means known in the art may be used with the 
take-off plate 60 to effect cooling of the exterior surfaces 
of the molded articles or preforms carried by the take- 
off plate 60. Referring now to Figs. 6(a) and 6(b), an ad- 
ditional cooling device 70 is used in conjunction with the 
robot take-off plate 60 to enhance the post-mold cooling 
efficiency by allowing simultaneous cooling of the inte- 
rior and exterior surfaces of the molded articles or pre- 
forms by convective heat transfer and thus reduce the 
cycle time and improve the quality of the preforms. The 
additional cooling device 70 includes an array of elon- 
gated cooling pins 74 whose role is to deliver a cooling 
fluid inside the molded articles held by the take-off plate 
60. The cooling fluid is mostly directed and delivered di- 
rectly into the dome (sprue gate) portion 22 of the mold- 
ed article or preform, which portion has the highest 
chance to become crystalline due to the reduction of the 
cooling time in the mold. The cooling fluid is introduced 
so as to create an annularflow pattern. According to the 
present invention, the cooling fluid could be any appro- 
priate coolant, such as for example a liquid or a gas. In 
a preferred embodiment of the present invention, the 
cooling fluid is pressurized air delivered at through a 
channel 90 located inside the cooling pin 74. This aspect 
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of the present invention is shown in more detail in Fig. 
9(a). 

[0026] Fig. 9(a) illustrates a cooling pin 74 in accord- 
ance with the present invention positioned within a pre- 

5 formormoldedarticle48beingcooled. In orderto create 
an optimum flow of the cooling agent, the cooling pin 74 
is introduced deep inside the preform 48 sothat the cool- 
ant can reach the dome or sprue gate portion 22. More 
than that, the cooling pin 74 acts as an additional cooling 

10 core. The cooling pin 74 also contributes to the creation 
of an annular flow pattern which has a higher cooling 
potential than other cooling flow patterns. Also by using 
the novel cooling pin 74, the incoming blown cold air and 
outcoming warm air are completely separated and thus 

15 prevents mixing of the two. 

[0027] As shown in Fig. 9(a), the cooling pin 74 is po- 
sitioned centrally within the preform or molded article, 
preferably so that the central axis 220 of the cooling pin 
74 is aligned with the central axis 222 of the preform. As 

20 can be seen from this figure, the outer wall 224 of the 
cooling pin 74 in an upper region UP is spaced from the 
inner wall 226 of the preform by a distance D. Addition- 
ally, the outlet nozzle 92 of the cooling pin 74 is spaced 
from the inner wall 228 of the dome portion 22 by a dis- 

25 tance d. In order to create the desired annular flow pat- 
tern of cooling fluid, it is preferred that the ratio of d:D 
be within the range of about 1 : 1 to about 1 0: 1 . It is also 
highly desirable that the outlet nozzle 92 of the cooling 
pin be formed by a divergent nozzle construction. While 

30 it is preferred to use a divergent nozzle for the outlet 92, 
it is possible to form the outlet 92 from a straight walled 
nozzle construction. 

[0028] Because cooling pin 74 goes deep inside the 
preform and behaves like a cooling core as well, the pat- 

35 tern of outcoming warm air that freely escapes from the 
preform has an annular shape. 
[0029] While a preferred construction for the cooling 
pin has been shown in Fig. 9(a), as shown in Figs. 8(a) 
through 8(g), and Figs. 17 and 18, the cooling pins 74 

40 can have various sizes and shapes to achieve various 
cooling effects. For example, as shown in Fig. 8(a), the 
lower portion LP of the cooling pin may have a diameter 
D 2 which is different from the diameter D, of an upper 
portion UP of the pin. As shown in Figs. 8(a) through 8 

45 (c), the upper portion UP of the pins may have different 
shapes. Referring to Fig. 8(d), the cooling pin 74 may 
have lateral outlets 82 for discharging a cooling fluid on- 
to side walls of the molded article where crystallinity may 
occur. As shown in Fig. 8(e), the cooling pin 74 could 

so have helical grooves 84 to obtain specialized cooling ef- 
fects. Similarly in Fig. 8(f) and 8(g), the cooling pin 74 
could have a plurality of ribs 86 spaced about its periph- 
ery or a plurality of contact elements 88. 
[0030] Figs. 18a and 18b illustrate a cooling pin 74 

55 having a plurality of radial conduits 230 for delivering 
coolant on areas of the preform other than the dome por- 
tion 22 such as the neck finish portion or the body por- 
tion. The radial conduits 230 may be spaced along the 
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length of the cooling pin so as to direct coolant against 
particular areas of a preform 48. 
[0031 ] The cooling pins 74 can be made from any suit- 
ably thermally conductive or thermally insulative mate- 
rial. If desired, as shown in Fig. 17, the cooling pin 74 
may be made from a porous material 232 so that addi- 
tional coolant can be spread in a very uniform manner 
on areas of a preform other than the dome or sprue gate 
portion 22. 

[0032] In a preferred embodiment of the present in- 
vention, the design of the cooling pin 74 is intended to 
concentrate maximum cooling at the sprue gate or dome 
portion 22 of the molded article 48 and thus aggressively 
focus the cooling fluid to cool this region. In this way, 
molded articles such as preforms free of crystallized ar- 
eas in the sprue gate or dome portion 22 can be formed. 
[0033] An alternative pin construction with a cold air 
blowing system which can be used in the apparatus of 
the present invention is illustrated in Fig. 9(b). As shown 
therein, the pin 74 has a cold air blowing channel 90 
having an outlet 92 for directing cold air against the in- 
terior surfaces of the molded article 48, preferably the 
dome or sprue gate portion 22 of the molded article. The 
channel 90 communicates with a source of cold air (not 
shown) via the inlet 94. The cooling pin 74 is further pro- 
vided with a vacuum channel 96 for removing the cool- 
ing airf rom the interior of the molded article 48. The vac- 
uum channel 96 may be connected to any desired vac- 
uum source (not shown). As can be seen in Fig. 9(b), 
the cooling pin 74 is mounted on a portion of a frame 98 
by sliding pads 100, which are used for pin self-align- 
ment, and a fastening means such as nut 102. The nut 
102 can be secured to the element 104 which has an 
exterior threaded portion (not shown). 
[0034] Referring now to Figs. 6 and 7, the array of 
cooling pins 74 is mounted onto a cooling frame 98 
which can be made of a lightweight material such as alu- 
minum. According to an embodiment of the present in- 
vention, the cooling frame 98 can be operated in either 
a vertical or a horizontal position. In both cases, the 
frame 98 is movable towards the take-off plate 60 when 
the take-off plate 60 reaches its final out of mold posi- 
tion. Any suitable means known in the art may be used 
to move the frame 98 so as to advance it at a high speed 
so that the cooling pins 74 can be immediately intro- 
duced inside the molded article. In a preferred embodi- 
ment of the present invention, the frame 98 is moved 
using hydraulic cylinders 110. According to the present 
invention, the number of cooling pins 74 can be the 
same or less than the number of receptacles 62 in the 
take-off plate 60. According to the present invention, the 
take-off plate 60 is provided with means for holding the 
molded articles or preforms 48 within the receptacles 62 
such as suction means (not shown), and with means for 
ejecting the preforms from the take-off plate. The hold- 
ing means and the ejection means may be those dis- 
closed in the aforementioned US-A-5 447 426. As 
shown in Figs. 6(c) and 6(d), the cooling frame 98 is 



provided with a plurality of apertures 112. The apertures 
112 allow finally cooled molded articles or preforms 
ejected from the take-off plate 60 to be dropped onto a 
conveyor 114 for transportation away from the system. 

s In a preferred embodiment of the present invention, the 
fully cooled preforms 48 are dropped onto the conveyor 
114 through the apertures 112 by laterally shifting the 
cooling pins 74 relative to the receptacles 62 holding the 
preforms that have to be ejected from the take-off-plate 

'o 60. This is the case when the cooling frame is in a hor- 
izontal position. When the cooling frame is in a vertical 
position, it does not interfere with the preforms dropped 
by the take-off-plate. 

[0035] Referring now to Figs. 7(a) and 7(b), a first ar- 
15 ray of cooling pins 74 is illustrated. As can be seen in 
Fig. 7(b), the cooling pins 74 each have cooling air pas- 
sageways 90 which communicate with a source of cool- 
ing air (not shown) via the passageway 1 22. Incorporat- 
ed into the passageway 122 are a number of air valves 
20 124 which can be used to regulate the flow of cooling 
air. In this way, variable amounts of cooling air can be 
supplied to the cooling pins 74. 
[0036] Referring now to Fig. 7(c), it is also possible to 
directly provide each cooling pin 74 with air from a 
25 source of cooling fluid (not shown) via a simple passage- 
way 126. Still further, as shown in Fig. 7(d), if desired, 
the passageway 126 could be connected to the fluid 
conduit 1 20 in each of the cooling pins via a flexible con- 
duit 128. 

30 [0037] According to one embodiment of the present 
invention, the cooling pins 74 enter the preforms re- 
tained by the take-off plate 60 in a few steps, and at each 
step the preforms that are molded at different times are 
at different temperatures. In order to optimize the overall 
35 cooling step and to avoid the waste of coolant, during 
the first step of cooling the preforms are very hot and 
thus a maximum amount of cooling air is delivered by 
the pins. In the second and the subsequent steps, the 
amount of cooling air directed by the pins engaging the 
40 first molded preforms is substantially less than the 
amount directed towards the newly molded and hotter 
preforms. In order to further optimize the cooling proc- 
ess, any known suitable temperature sensors, such as 
a thermocouples, can be used to measure the temper- 
as ature of the preforms before and after cooling them so 
that adjustments of the cooling rate can be done without 
interrupting the molding cycle. In a preferred embodi- 
ment, thermocouples (not shown) connected to some 
cooling control means (not shown) are located in the 
50 take-off plate 60 adjacent to each preform. By monitor- 
ing the temperature of each preform, some adjustments 
can be made to the amount of cooling air delivered to 
all cooling pins 74 or to some of the cooling pins 74. This 
may also compensate for any cooling inefficiencies or 
55 non-uniformity of the conduction cooling means located 
in the take-off plate. 

[0038] Referring now to Figs. 1 0(a) and 1 0(b), Fig. 1 0 
(a) shows a preform 48, in sectional view, molded by a 
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prior art system. As shown therein, the preform 48 may 
have crystalline areas in tour different zones including 
the dome portion 22 and the neck portion 13. Fig. 10(b) 
on the other hand shows a preform 48, in section view, 
which has been manufactured using the system of the 
present invention. As shown therein, there are no areas 
of crystallinity. 

[0039] Another embodiment of the present invention 
is shown in Figs. 1 1 (a) through 11(1) where the take-off 
plate 60' is always maintained in a vertical position dur- 
ing the entire molding cycle. This eliminates a compli- 
cated motor and makes it lighter and thus faster to move 
in and out of the mold space formed between the mold 
halves or mold plates 32 and 36. The cooling frame 98' 
used in this system has an additional function and an 
additional movement. First of all, the pins 74' use blow- 
ing air to cool the molded articles or preforms and suck- 
ing air to extract the molded articles or preforms from 
the take-off plate 60'. The preforms are held on the pins 
74' by the vacuum and removed from the tubes 62' with- 
in the take-off plate 60' during a back movement. The 
cooling frame 98' has a movement to approach and 
move back from the take-off -plate 60' and further has a 
rotation to move from a vertical to a horizontal position 
parallel to a conveyor 114' to allow the preforms to be 
ejected from the pins 74' by stopping the vacuum. Ac- 
cording to the present invention, any suitable means 
known in the art can be used to rotate the cooling frame 
98' with the pins 74'. According to a preferred embodi- 
ment of the invention shown in Figs. 11(a) through 11 
(1 ), a stationary cam 1 30 is used as a very simple means 
to convert the translation of the frame into a rotation so 
that the preforms held by the cooling frame can be 
dropped onto a conveyor 114'. As shown in Fig. 11(h), 
the cooling pins 74' can engage the preforms by vacuum 
and remove them from the take-off plate 60'. Next the 
preforms are dropped from the pins 74' onto a conveyor. 
[0040] The operation of the innovative cooling appa- 
ratus of the present invention can be understood from 
Figs. 6(a) through 6(d). After the in-mold cooling proc- 
ess which is shortened up to the point where the articles 
or preforms reach a solidification status that prevents 
their deformation, the mold is opened and the take-off 
plate 60 is moved into the molding area between the 
mold core plate 36 and the mold cavity plate 32. Relative 
movement between the mold core and mold cavity 
plates may be performed in any manner known in the 
art using any suitable means (not shown) known in the 
art. After the take-off plate 60 reaches the out of the mold 
position, the cooling pins 74 are engaged with the mold- 
ed articles for cooling, especially in the dome area 22 of 
each article or preform. 

[0041 ] While the take-off plate 60 has been described 
as having water cooled means for conduction cooling of 
the exterior surfaces of the preforms within the holders 
62, there are times when one would want to not start 
cooling of the exterior surfaces when the preforms are 
first placed within the take-off plate. To this end, means 
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may be provided to control cooling within the take-off 
plate so that such cooling does not start until after inter- 
nal cooling of the preforms has begun and/or finished. 
For example, suitable valve means (not shown) may be 
s incorporated into the take-off plate to prevent flow of a 
cooling fluid until a desired point in time. In this way, in- 
ternal and external cooling of the preform may be pre- 
formed simultaneously, at least partially simultaneously, 
or sequentially. 
10 [0042] Fig. 1 6 illustrates another embodiment where- 
in a take-off plate 60" with no cooling means is used to 
remove the molded preforms from the molding area. 
The take-off plate 60" may have preform holders 
62" sufficient in number to accommodate either a single 
)5 batch or multiple batches of preforms. The preforms are 
retained by vacuum means (not shown) that through the 
openings 240 suck on the sprue gate or dome portion 
22 of the preforms 48. The preforms are also retained 
by the holders 62" which can have any desired config- 
20 uration that allows the preforms to be directly cooled us- 
ing a cooling gas/air. The holders 62" are preferably stiff 
enough to retain the preforms and have perforations or 
other openings 242 and 244 where the holders do not 
have any direct contact with the preforms. By having 
25 these kind of holders that only partially cover the outer 
surface of the preforms, the preforms can be cooled on 
their outer surfaces, while they are additionally cooled 
internally by the cooling pins 74. In this case, thecooling 
step comprises the transfer of the preforms from the 
30 mold to the take-off plate 60", the movement of the take- 
off plate 60" outside the molding area, to the cooling ar- 
ea which is adjacent the molding area. At the cooling 
area, the preforms 48 are internally cooled using the 
frame 98 and the cooling pins 74 that enter at least par- 
35 tially inside the preforms. At the same time, the preforms 
48 retained by the take-off plate 60" have their exterior 
surfaces convectively cooled by an additional cooling 
station 250 that blows a coolant fluid towards the pre- 
form holders. As shown in Fig. 1 6, the additional cooling 
40 station 250 has a plurality of nozzles 252, 254, and 256 
for blowing coolant toward the outer surfaces of the pre- 
forms. The nozzles 252, 254, and 256 blow cooling fluid 
through windows 258 in the take-off plate 60" and onto 
the outer surface of the preforms via windows or open- 
45 ings 242 and 244 in the preform holders. The nozzles 
252, 254 and 256 blow cooling fluid through openings 
242 and 244 in the preform holders 62" and onto the 
outer surface of the preforms. While the additional cool- 
ing station 250 has been shown as having nozzles for 
so cooling two preforms, it should be recognized that in ac- 
tuality the cooling station 250 may have as many noz- 
zles as needed to cool the outer surfaces of any desired 
number of preforms. 

[0043] The use of the additional cooling station 250 
55 allows the preforms 48 to be simultaneously cooled in- 
side and out using cooling means that are independent 
from the take-off plate 60". This approach makes the 
take-off plate 60" very light, very fast and easy to serv- 
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ice. If desired, the preform holders 62" may grip the pre- 
forms solely around the neck portion, thus leaving a 
more open window for the blown cooling fluid to cool the 
outer portion of the preforms. 

[0044] According to another embodiment of the inven- 
tion, the take-off plate may include external cooling 
means using blown air or may include no cooling means. 
In both cases, internal cooling is achieved using the nov- 
el cooling method and apparatus of the present inven- 
tion. 

[0045] The innovative cooling method and apparatus 
of the present invention are extremely beneficial for 
cooling preforms molded in high cavitation molds. It is 
well known that the temperature of the molten resin flow- 
ing through a mold varies quite substantially for a vari- 
ous of reasons including: (a) non-uniform heating of the 
hot runner manifold; (b) formation of boundary layers in- 
side the manifold's melt channels; (c) non-uniform mold 
cavity cooling; and (d) insufficient cooling at the mold 
gate area. One consequence of the temperature varia- 
tions across the mold is that the cooling time has to be 
adjusted at the local level so that the hottest preforms 
are cooled before any crystallinity occurs in the final pre- 
forms. In order to prevent formation of crystallized 
zones, the cooling system of the present invention is 
able to provide a different cooling pattern that can be 
tuned according to the temperature signature of each 
mold. Sensors in the take off plate 60 can be provided 
to regulate the amount of cooling from each cooling pin 
74. Another consequence of the non-uniform tempera- 
ture inside the mold is that in most cases the gate sprue 
area located on the dome section 22 of the preforms is 
the hottest part of the molded preform. Because this 
sprue gate portion is slower cooled in the mold closed 
position, chances are that this portion will be highly crys- 
talline if the in-mold cooling is too long or if no additional 
cooling is provided outside the mold. According to the 
present invention, the cooling pins 74 blowing cold air 
inside the preform immediately adjacent the sprue gate 
area is a novel operation that prevents in a very efficient 
manner the formation of crystallized areas in the pre- 
form. 

[0046] The innovative cooling method and apparatus 
of the present invention are also beneficial for compen- 
sating for the cooling inefficiency of the take-off plate. It 
may happen that due to the imperfect contact between 
the hot molded article and the cooling tube, the temper- 
ature of the molded article held by the take-off plate may 
vary across the plate. According to the present inven- 
tion, the temperature sensors located in the take-off 
plate or the cooling frame can be used to provide infor- 
mation to a cooling control unit that varies the amount 
of cooling fluid directed to each preform. 
[0047] The adaptive cooling approach mentioned so 
far is also beneficial because it can take into account 
the fact that the temperature pattern of the molded pre- 
forms can vary during the day, the function of the specific 
resin used, the function of the machine settings, or due 



to local variations in the thickness of the preforms 
caused by improper valve stem actuation in the hot run- 
ner nozzle or due to uneven core shift in the mold cav- 
ities. These situations are neither predictable nor easy 
5 to fix; however, the present invention provides a mech- 
anism to tune the post-molding cooling step for each 
cavity based on the temperature of each molded article 
or preform. 

[0048] A significant reduction of the cycle time for the 
w benefit of increasing the post molding cooling time can 
be achieved by simplifying the design and the move- 
ments of the take-off plate and the cooling frame. This 
has to take into account very critical assembling, serv- 
icing and operation constraints such as rigidity, move- 
's ment accuracy, alignment between the cooling pins and 
the molded articles or preforms on the take-off-plate and 
vibrations. Also the location of the cooling frame with the 
pins has to be decided in such a manner to reduce the 
"foot print" of the entire machine. 
20 [0049] Reference is made in this regard to Figs. 13(a) 
and 13(b) which show another embodiment of the 
present invention where the take-off plate 60 remains in 
a vertical position during the additional air cooling step, 
i.e. parallel to the mold plates 32, 26. The cooling frame 
25 98 is translated towards the take-off plate 60 and the 
cooling pins 74 enterthe molded articles or preforms 48. 
After all the preforms are cooled, the cooling frame 98 
is retracted, the take-off plate 60 is rotated at 90° and 
parallel to a conveyor 1 1 4 and then the cooled preforms 
30 are removed from the plate 60. This approach simplifies 
the design of the cooling frame which does not need ro- 
tation means and means to prevent its interference with 
the preforms ejected from the plate. 
[0050] Further reference is made to Fig. 14 which 
35 shows another embodiment of the invention where the 
robot take-off plate 60 comprises additional translation 
means 150 to move the performs 48 along an axis par- 
allel to their axis of revolution. This additional movement 
of the preforms 48 simplifies the cooling frame 98 which 
40 remains substantially stationary during the cooling proc- 
ess. As shown in Fig. 14, the take-off plate 60 or other 
means for holding the performs is translated along the 
axis X towards the stationary cooling frame 98. Afterthe 
cooling step, the take-off plate 60 is rotated by 90° so 
45 that it faces the conveyor 1 1 4 and thus the cooled pre- 
forms are ejected. 

[0051] Further reference is made to Fig. 15 which 
shows novel air cooling means attached to the take-off- 
plate 60. The approach shown in this figure eliminates 

so the need for a separate frame for holding the cooling 
pins and thus reduces the size of the cooling system 
and thus of the injection molding machine. The new 
cooling pins 1 74 have an approximate U-shape and can 
be moved all together parallel to the preforms 48 so that 

55 they can be introduced inside the preforms and moved 
out of the preforms using a thin strip 176 actuated by 
piston BB or any other known means. The pins 174 can 
be also rotated around an axis "A" parallel to the preform 
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so that they can be brought into or removed from axial 
alignment with the preforms. This simultaneous rotation 
of all the pins 1 74 can be achieved using any suitable 
means known in the art. According to an embodiment 
of the invention, the U-shaped cooling pins 1 74 have an 
ARM "A" that enters the preform, an ARM "C" parallel 
to ARM "A" that is used for moving ARM "A", and an 
ARM "B" that connects ARM "A" to ARM "C". The rota- 
tion of the pins around the axis A of ARM "C" can be 
done in various ways. As shown in Fig. 15, this can be 
done using an elongated rack 178, operated by piston 
AA, that is in engagement with pinions 1 80 attached to 
the ARM "C" of each cooling pin. The same rotation can 
be done using frictional means, one in translation and 
the other in rotation. During the transfer of the preforms 
48 from the cores 38 to the cooling tubes 62 of the take 
off plate 60, the U-shaped cooling pins 174 can be 
"parked" in a dedicated location located adjacent each 
cooling tube 62, so that they do not interfere with the 
moving preforms and less space is needed to open the 
mold. Immediately after the preforms 98 are retained in 
the take-off plate 60, the cooling pins 174 attached to 
the plate 60 are moved forward by the piston BB and 
the strip 1 76 and when they reach a certain height which 
allows ARM "A" to be on top of the preform, they are 
rotated in axial alignment with the preforms and finally 
introduced inside the preforms through the retreat of the 
piston BB. The permanent contact between the strip 1 76 
and each ARM "C" is provided by a coil spring 1 82 which 
operates against shoulder 1 81 or any other appropriate 
means. A flexible tube 1 84 is used to supply blowing air 
to each cooling pin through ARM "C". This design of the 
cooling pins attached to the take-off plate brings the fol- 
lowing advantages: simplifies and reduces the size of 
the cooling system, improves the cooling rate because 
inside cooling starts immediately after the preforms are 
in the take-off plate, inside cooling can be done during 
the movement of the take-off plate and practically con- 
tinuously for as long as the preforms are also cooled by 
the take-off plate. During the ejection of the cooled pre- 
forms, the cooling pins must be again rotated towards 
their initial position so that they are no longer aligned 
with the preforms. 

[0052] Further reference is made to Fig. 12 which 
shows air cooling means comprising cooling channels 
210 incorporated in the mold halves 32, 36 that allow 
cooling of the preforms held by the mold cores, during 
and immediately after opening the mold and before the 
take-off plate enters the molding area. This additional 
cooling step will further solidify the preform before the 
take-off plate is brought into the mold area and before 
they are transferred to the take-off plate. 
[0053] According to another embodiment of the 
present invention, that can be easily understood from 
other drawings in this application, the robot and the take- 
off plate retain only a single batch of preforms. After the 
injection steps, the take-off plate is parked outside the 
mold area and cooling air or refrigerated air is blown in- 



side each preform from the cooling pins. The cooled pre- 
forms are ejected form the take-off plate that will be 
brought back into the molding area without carrying any 
preforms. 

s [0054] Fig. 23 illustrates an alternative construction of 
the frame 98 for holding the cooling pins 74. As shown 
in this figure, the frame 98 may have cooling pins 74 on 
two opposed surfaces. Further, the frame may rotate 
about a first axis 300 and a second axis 302 which is 

io perpendicular to the first axis 300. Any suitable means 
(not shown) known in the art may be used to rotate the 
frame 98 about the axes 300 and 302. 
[0055] By providing this type of construction, it is pos- 
sible to have a first set of cooling pins 74 engage the 

15 preforms 48 in a take-off plate 60 and begin internal 
cooling of the preforms. The preforms 48 may then be 
transferred out of the holders 62 in the take-off plate 60 
onto the pins 74. The frame 98 can then be rotated about 
one or more of the axes 300 and 302, while internal cool- 

20 ing of the preforms 48 is being carried out by the pins 
74. After the first set of preforms has reached the left- 
hand position shown in Fig. 23, a second set of cooling 
pins 74 may engage a second set of preforms 48 held 
in the take-off plate 60. If desired, the left-hand set of 

25 preforms 48can havetheirexteriorsurfacesconvective- 
ly cooled using a cooling station 304 having a plurality 
of nozzles (not shown) for blowing cold air onto the ex- 
terior surfaces. If desired, the frame 98 may have a pre- 
form retaining plate 308 attached to it. 

30 

Claims 

1 . A method of cooling a molded article (48) having a 
35 first region (22) at a relatively high heat and an ad- 
jacent region at a relatively lower heat, the method 
comprising: 

removing a molded article (48) from a mold 
40 comprised from mold halves (16, 18, 32, 36), 

the molded article (48) removed into a holder 
(62) of an end-of-arm tool (60) while said mold- 
ed article retains an amount of heat, the end- 
of-arm tool operational between a first position 
45 between the mold halves (1 6, 1 8, 32 36) where 

the holder (62) receives the molded article (48) 
and a second position outside of the mold (16, 
18, 32 36); 

withdrawing the end-of-arm tool from between 
50 the mold halves (1 6, 1 8, 32, 36) to the second 

position; 

at a time after withdrawal of the end-of-arm tool 
(60) to the second position, inserting a tip of a 
cooling pin (74, 1 74) into the molded article (48) 
55 while the molded article is held within the hold- 

er; 

the method characterized by: 
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forming an open system in relation to the cool- 
ing pin and the molded article, the open system 
having a passageway allowing venting of gas- 
eous cooling fluid from an interior of the molded 
article (48) to an ambient environment, the s 
open system formed by positioning the cooling 
pin relative to an open end of said molded arti- 
cle (48) to define a space between a region of 
an external surface of the cooling pin and the 
open end of said molded article (48) adjacent io 
the region of the external surface, wherein the 
space defines the passageway; and 
forcing a gaseous cooling fluid along an internal 
channel (90) of the cooling pin, the internal 
channel terminating at the tip (92) that, upon '5 
insertion into the molded article (48), is spaced 
away from the first region (22), the gaseous 
cooling fluid expelled from the tip (92) mostly in 
a direction of the first region to accentuate cool- 
ing within at least the first region (22), and 20 
whereby the gaseous cooling fluid is allowed to 
flow from the interior of the molded article and 
via the passageway to vent into the ambient en- 
vironment and wherein cooperation of the inter- 
nal channel and the tip, when located within the 25 
molded article, focuses the cooling fluid on the 
first region. 

The method of cooling a molded article (48) accord- 
ing to claim 1 , wherein the gaseous cooling fluid is 30 
cooled pressurized air that is blown along the inter- 
nal channel (90). 

The method of cooling a molded article (48) accord- 
ingtoclaiml or 2, further comprising applying cool- 35 
ing to exterior portions of the molded article (48) 
while the molded article is held within the holder, 
wherein said applying cooling to exterior portions 
occurs either simultaneously, partially simultane- 
ously or sequentially with the forcing of the cooling 40 
fluid along the internal channel. 

The method of cooling a molded article (48) accord- 
ing to any preceding claim, further comprising 
changing, overtime, the amount of cooling fluid de- *s 
livered by the cooling pin. 

The method of cooling a molded article (48) accord- 
ing to any preceding claim, wherein the tip is con- 
figured to produce a divergent cooling fluid flow so 
therefrom. 

The method of cooling a molded article (48) accord- 
ing to any of claim 1 to 5, wherein the tip of the cool- 
ing pin is introduced into the preform to a depth that 55 
allows the coolant to reach and cool an internal 
dome portion of a preform. 



7. The method of cooling a molded article (48) accord- 
ing to any of claim 1 or 6, further comprising: 

spacing the tip (92) a first distance d from the 
first region of the molded article (48); and 
spacing a sidewall (224) of said cooling pin (74, 
1 74) a second distance D from internal side- 
walls (228) of the molded article (48); 

wherein a ratio of the first distance to the sec- 
ond distance d: D is in the range of about 1:1 to 
about 10:1. 

8. Apparatus for cooling a molded article (48) made in 
an injection mold formed from mold halves (16, 18, 
32 36), the molded article having a first region (22) 
at a relatively high heat and an adjacent region at 
a relatively lower heat, the apparatus comprising: 

an end-of-arm tool (60) having at least one 
holder (62), the end-of-arm tool (60) operation- 
al, in use, between a first position between the 
mold halves (16, 18, 32 36) where it receives 
the molded article (48) into a respective one of 
the at least one holder (62) and a second posi- 
tion outside of the mold (16, 18, 32 36), the 
molded article (48) located, in use, into the re- 
spective one of the at least one holder (62) at 
a time when the molded article retains an 
amount of heat; 

a cooling pin (74, 174) on a frame (98) located 
adjacent the second position, the cooling pin 
having a tip (92) and the frame arranged (98), 
in use, to move relative to the end-of-arm tool 
(60) to cause insertion of the tip of the cooling 
pin (74, 174) into the molded article (48) after 
the end-of-arm tool (60) reaches the second 
position; 

characterized in that: 

the cooling pin (74, 174) has an internal chan- 
nel (90) terminating at the tip (92) that, upon 
insertion into the molded article (48) by relative 
movement of the frame (98) and the end-of-arm 
tool (60), is within the molded article but spaced 
away from the first region (22) and wherein the 
cooling pin (74, 174), in use, is connectable to 
a cooling fluid delivery system arranged to force 
gaseous cooling fluid along the internal channel 
(90) to cause expulsion of the gaseous cooling 
fluid from the tip (92) mostly in a direction of the 
first region to accentuate cooling within at least 
the first region; 

the frame (98) is positioned, during the expul- 
sion of the gaseous cooling fluid from the tip 
(92), with respect to the end-of-arm tool such 
as to define, in use, an open system having a 
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passageway allowing venting of gaseous cool- 
ing fluid from an interior of the molded article 
(48) to an ambient environment; and wherein 
the apparatus is operational, during the expul- 
sion of gaseous cooling fluid from the tip (92), 
to distance the frame from the end-of-arm tool 
(60) and the passageway of the open system 
is produced by formation of a space between a 
region of an external surface of the cooling pin 
(74, 1 74) and an open end of the molded article 
both located, in use, within the respective hold- 
er and positioned adjacent said region of the 
external surface of the cooling pin (74, 174). 

9. Apparatus according to claim 8, wherein the appa- 
ratus is arranged to introduce the tip of the cooling 
pin into the preform to a depth that allows the cool- 
ant to reach and cool an internal dome portion of a 
preform. 

10. Apparatus according to claim 8 or 9, wherein the 
frame positions the cooling pin within the molded 
article (48) such that: 

i) the tip (92) is displaced a first distance d from 
the first d region of the molded article (48); 

ii) a sidewall (224) of said cooling pin (74, 1 74) 
is located a second distance D from internal 
sidewalls (228) of the molded article (48); 

and a ratio of the first distance to the second 
distance d: D is in the range of about 1 :1 to about 
10:1. 

11. Apparatus according to any of claims 8 to 10, 
wherein the gaseous cooling fluid is cooled pressu- 
rized air that is blown along the internal channel 
(90). 

1 2. Apparatus according to any of claims 8 to 1 1 , further 
including a valve for supplying regulated amounts 
of gaseous cooling fluid to the cooling pin (74, 1 74). 

13. Apparatus according to any of claims 8 to 12, 
wherein the tip has one of a divergent nozzle con- 
struction and a straight-walled nozzle construction, 
wherein the internal channel and tip, when located 
within the molded article, focus the gaseous cooling 
fluid towards a region principally surrounding a first 
region (22). 

14. Apparatus according to any of claims 8 to 13, 
wherein the cooling pin has one of: 

i) a varying diameter along its length; 

ii) lateral fluid outlets (82) or radial conduits 
(320) in the sides of the cooling pin, the lateral 
outlets or radial conduits coupled to the internal 



channel (90) and arranged to direct cooling fluid 
to at least one of a neck portion (13) and a body 
portion of the molded article; 

iii) grooves along an exterior surface of the 
5 cooling pin (74, 174); 

iv) ribs (86) spaced about the periphery of the 
cooling pin (74, 174), the ribs protruding from 
the cooling pin to reduce, in use, over a length 
of each rib a dimensional separation of an ex- 

10 terior surface of the cooling pin to the internal 

wall of the molded article (226, 228); and 

v) a plurality of contact elements (88) along an 
exterior surface of the cooling pin (74, 174). 

is 15. Apparatus according to any of claims 8 to 14, 
wherein: 

the end-of-arm tool (60) supports a plurality of 
holders; and 

20 the frame includes fewer cooling pins (74, 1 74) 

than there are holders on the end-of-arm tool 

(60); 

whereby, in use, only selected ones of the 
molded articles in respective holders are 
25 cooled by aligned insertion of a tip of a cooling 

pin into each selected one of the molded arti- 
cles. 

30 Patentanspriiche 

1 . Ein Verf ahren zum Kuhlen eines geformten Gegen- 
standes (48), der ein erstes Gebiet (22) mit einer 
relativ hohen Warme und ein benachbartes Gebiet 
35 mit einer relativ tieferen Warme umfasst, wobei das 
Verfahren folgende Schritte umfasst: 

Entfernen eines geformten Gegenstandes (48) 
aus einer Form, die Formhalften (1 6, 18, 32, 36) 

40 umfasst, wobei der geformte Gegenstand (48) 

in einen Halter (62) eines Endarm-Gerates (60) 
ubernommen wird, wahrend der geformte Ge- 
genstand (48) eine Menge an Warme behalt 
u nd wobei das Endarm-Gerat (60) zwischen ei- 

45 ner ersten Position zwischen den Formhalften 

(16, 18, 32, 36), in welcher Position der Halter 
(62) den geformte Gegenstand (48) empfangt, 
und einer zweiten Position ausserhalb der 
Form (16, 1 8, 32, 36) in Betrieb bewegbar ist; 

50 

Zuruckziehen des Endarm-Gerates (60) zwi- 
schen den Formhalften (16, 18, 32, 36) hervor 
in die zweite Position; 

55 Einfiihren einer Spitze (92) eines Kuhlstiftes 

(74, 1 74) in den geformten Gegenstand (48) zu 
einem Zeitpunkt nach dem Zuruckziehen des 
Endarm-Gerates (60) in die zweite Position, 
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wahrend der geformte Gegenstand (48) im Hal- 
ter gehalten wird; 

dadurch gekennzeichnet, dass das Verfah- 
ren folgende Schritte umfasst: 



4. 



Bilden eines offenen Systems in Beziehung auf 
den Kuhlstift und den geformten Gegenstand, 
welches offene System einen Durchgang urn- 5. 
fasst, der einem gasformigen Kiihlfluid erlaubt, <o 
sich vom Inneren des geformten Gegenstan- 
des (48) zu einer ausseren Umgebung zu ent- 
liiften, und welches offene System durch das 
Positionieren des Kuhlstifts relativ zu einem of- 
fenen Ende des genannten geformten Gegen- 6. 
standes (48) gebildet wird, urn einen Raum zwi- 
schen einem Gebiet einer ausseren Oberflache 
des Kuhlstifts und dem offenen Ende des ge- 
nannten geformten Gegenstandes (48) be- 
nachbart zum Gebiet der ausseren Oberflache 2° 
zu bilden, wobei der Raum den Durchgang de- 
finiert; und 

7. 

Treiben eines gasformigen Kiihlfluids entlang 
eines internen Kanals (90) des Kuhlstifts, wel- 2s 
cher interne Kanal in der Spitze oder Aus- 
lassdiise (92) des Kuhlstifts endet, welche Aus- 
lassdiise (92) bei der Einfiihrung in den geform- 
ten Gegenstand (48) in einen Abstand zum er- 
sten Gebiet (22) gebracht wird, wobei das gas- so 
formige Kiihlfluid von der Auslassduse (92) im 
Wesentlichen in eine Richtung des ersten Ge- 
bietes zum Beschleunigen des Kuhlens in min- 
destens dem ersten Gebiet (22) ausgestossen 
wird, und wobei eine Ausbreitung des gasfor- 35 8 
migen Kuhlfluids vom Inneren des geformten 
Gegenstandes und Ciber den Durchgang er- 
moglicht ist, urn das gasformige Kiihlfluid in die 
aussere Umgebung zu entliiften und wobei das 
Zusammenwirken des inneren Kanals und der io 
Auslassduse, wenn die Auslassduse im ge- 
formten Gegenstand platziert ist, das Kiihlfluid 
auf das erste Gebiet fokussiert. 

Verfahren zum Kiihlen eines geformten Gegenstan- « 
des (48) nach Anspruch 1 , dadurch gekennzeich- 
net, dass das gasformige Kiihlfluid gekiihlte, unter 
Druck stehende Luft ist, die entlang des internen 
Kanals (90) getrieben wird. 

50 

Verfahren zum Kiihlen eines geformten Gegenstan- 
des (48) nach einem der Anspriiche 1 oder 2, da- 
durch gekennzeichnet, dass aussere Teile des 
geformten Gegenstandes (48) gekuhlt werden, 
wahrend der geformte Gegenstand im Halter gehal- 55 
ten wird, wobei das genannte Kiihlen der ausseren 
Teile entweder simultan, teilweise simultan oder se- 
quentiell mit dem Treiben des Kuhlfluids entlang 



des internen Kanals geschieht. 

Verfahren zum Kiihlen eines geformten Gegenstan- 
des (48) nach einem der Anspriiche 1 bis 3, da- 
durch gekennzeichnet, dass im Zeitablauf die 
Menge des durch den Kuhlstift gelieferten Kuhl- 
fluids verandert wird. 

Verfahren zum Kiihlen eines geformten Gegenstan- 
des (48) nach einem der Anspriiche 1 bis 4, da- 
durch gekennzeichnet, dass die Auslassduse so 
konfiguriert ist, dass sie einen divergierenden Kiihl- 
fluidfluss von sich weg erzeugt. 

Verfahren zum Kiihlen eines geformten Gegenstan- 
des (48) nach einem der Anspriiche 1 bis 5, da- 
durch gekennzeichnet, dass die Auslassduse des 
Kuhlstifts in den Vorformling bis zu einer Tiefe ein- 
gefiihrt wird, die es erlaubt, dass das Kuhlmittel ei- 
nen internen Kuppelteil des Vorformlings erreicht 
und kiihlt. 

Verfahren zum Kiihlen eines geformten Gegenstan- 
des (48) nach einem der Anspriiche 1 bis 6, da- 
durch gekennzeichnet, dass die Auslassduse 
(92) in eine erste Distanz (d) von einem ersten Ge- 
biet des geformten Gegenstandes gebracht wird 
und dass eine Seitenwand (224) des Kuhlstifts 
(74, 1 74) in eine zweite Distanz (D) von den internen 
Seitenwanden (228) des geformten Gegenstandes 
(48) gebracht wird, wobei das Verhaltnis der ersten 
Distanz zur zweiten Distanz (d:D) in der Grossen- 
ordnung von ungefahr 1:1 bis 1:10 ist. 

Vorrichtung zum Kiihlen eines geformten Gegen- 
standes (48), der in einer Spritzform gebildet aus 
Formhalften (1 6, 1 8, 32, 36) gemacht ist, wobei der 
geformte Gegenstand ein erstes Gebiet (22) mit ei- 
ner relativ hohen Warme und ein benachbartes Ge- 
biet mit einer relativ tieferen Warme besitzt, wobei 
die Vorrichtung Folgendes umfasst: 

ein Endarm-Gerat (60), welches mindestens ei- 
nen Halter (62) umfasst, wobei das Endarm- 
Gerat (60) in Betrieb zwischen einer ersten Po- 
sition zwischen den Formhalften (16, 18, 32, 
36), wo das Endarm-Gerat (60) den geformten 
Gegenstand (48) in dem entsprechenden der 
mindestens einen Halter (62) empfangt, und ei- 
ner zweiten Position ausserhalb der Form (1 6, 
18, 32, 36) betreibbar ist, wobei der geformte 
Gegenstand (48) in Betrieb in den entspre- 
chenden der mindestes einen Halter (62) zu der 
Zeit platziert wird, zu welcher der geformte Ge- 
genstand eine Menge Hitze zuriickbehalt; 

einen Kuhlstift (74, 174) auf einem Rahmen 
(98), der angrenzend an die zweite Position 
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platziert ist, wobei der Kuhlstift eine Auslassdu- 
se (92) umfasst und der Rahmen (98) in Betrieb 
so angeordnet ist, dass er sich relativ zum 
Endarm-Gerat (60) bewegt, um das Eindringen 
der Auslassdiise des Kuhlstifts (74, 1 74) in den 
geformten Gegenstand (48) zu verursachen, 
nachdem das Endarm-Gerat (60) die zweite 
Position erreicht hat; 

dadurch gekennzeichnet, 

dass der Kuhlstift (74, 174) einen internen 
Kanal (90) umfasst, der bei der Auslassdiise (92) 
endet, die nach dem Einfiihren in den geformten 
Gegenstand (48) durch relative Bewegung des 
Rahmens (98) und des Endarm-Gerates (60) inner- 
halb des geformten Gegenstandes ist, aber zum er- 
sten Gebiet (22) einen Abstand aufweist, und wobei 
der Kuhlstift (74, 174) in Betrieb verbindbar zu ei- 
nem Kiihlfluidliefersystem ist, das so angeordnet 
ist, dass das gasformige Kiihlfluid von der Aus- 
lassdiise (92) entlang des internen Kanals (90) ge- 
trieben wird, um ein Ausstromen des gasformigen 
Kuhlfiuids von der Auslassdiise (92) mehrheitlich in 
einer Richtung des ersten Gebiets zu verursachen, 
um das Kiihlen in mindestens dem ersten Gebiet 
zu verstarken, 

dass der Rahmen (98) wahrend des Ausstro- 
mens des gasformigen Kuhlfiuids von der Aus- 
lassdiise (92) beziiglich des Endarm-Gerates (60) 
so positioniert ist, dass erin Betrieb ein offenes Sy- 
stem definiert, das einen Durchgang umfasst, der 
es dem gasformigem Kiihlfluid erlaubt, von einem 
Inneren des geformten Gegenstandes (48) zu einer 
ausseren Umgebung zu entluften, und 

dass die Vorrichtung wahrend des Ausstro- 
mens des gasformigen Kuhlfiuids von der Aus- 
lassdiise (92) so betreibbar ist, dass der Rahmen 
vom Endarm-Gerat (60) distanziert wird, und dass 
der Durchgang des offenen Systems durch die Bil- 
dung eines Raums zwischen einem Gebiet einer 
externen Oberflache des Kuhlstifts (74, 1 74) und ei- 
nem offenen Ende des geformten Gegenstandes 
erzeugt wird, wobei beide, das Gebiet einer exter- 
nen Oberflache des Kuhlstifts (74, 1 74) und das of- 
fene Ende des geformten Gegenstandes, in Betrieb 
im entsprechenden Halter platziert sind und be- 
nachbart zum genannten Gebiet der ausseren 
Oberflache des Kuhlstifts (74, 1 74) positioniert sind. 

9. Vorrichtung nach Anspruch 8, dadurch gekenn- 
zeichnet, dass die Vorrichtung so angeordnet ist, 
dass die Auslassdusen des Kuhlstifts in den Vor- 
formling bis zu einer Tiefe einfiihrbar ist, welcheTie- 
fe dem Kuhlmittel erlaubt einen internen Kuppelteil 
eines Vorformlings zu erreichen und zu kiihlen. 

10. Vorrichtung nach einem der Anspriiche 8 oder 9, 
dadurch gekennzeichnet, dass der Rahmen den 



Kuhlstift im geformten Gegenstand (48) so positio- 
niert, dass 

i) die Auslassdiise (92) um eine erste Distanz 
5 (d) zum ersten Gebiet des geformten Gegen- 
standes (48) verschoben wird; 

ii) eine Seitenwand (224) des Kuhlstifts (74, 
1 74) in einer zweiten Distanz (D) von den inne- 

io ren Seitenwanden (228) des geformten Gegen- 

standes (48) platziert ist; 

und ein Verhaltnis der ersten Distanz zur 
zweiten Distanz in der Grossenordnung von 
ungefahr1:1 bis ungefahr 1 0:1 liegt. 

15 

11. Vorrichtung nach einem der Anspriiche 8 bis 10, da- 
durch gekennzeichnet, dass das gasformige 
Kiihlfluid gekuhlte, unter Druck stehende Luft ist, 
die entlang des internen Kanals (90) geblasen wird. 

20 

1 2. Vorrichtung nach einem der Anspriiche 8 bis 1 1 , da- 
durch gekennzeichnet, dass sie ein Ventil zum 
Versorgen des Kuhlstifts (74, 174) mit einer regu- 
lierten Menge des gasformigen Kuhlfiuids umfasst. 

25 

1 3. Vorrichtung nach einem der Anspriiche 8 bis 1 2, da- 
durch gekennzeichnet, dass die Auslassdiise ei- 
ne divergente Diisenkonstruktion und eine gerad- 
wandige Diisenkonstruktion besitzt, wobei der in- 

30 terne Kanal und die Auslassdiise, wenn sie inner- 
halb des geformten Gegenstandes platziert sind, 
das gasformige Kiihlfluid auf ein Gebiet fokussie- 
ren, welches im Wesentlichen ein erstes Gebiet 
(22) umgibt. 

35 

1 4. Vorrichtung nach einem der Anspriiche 8 bis 1 3, da- 
durch gekennzeichnet, dass der Kuhlstift eine 
oder mehrere der folgenden Eigenschaften um- 
fasst: 

40 

i) ein entlang der Lange des Kuhlstifts variie- 
render Durchmesser; 

ii) seitliche Fluidauslasse (82) oder radiale Lei- 
45 tungen (320) in den Seiten des Kiihlstiftes, wo- 
bei die seitlichen Fluidauslasse oder die radia- 
len Leitungen an den internen Kanal (90) ge- 
koppelt sind und so angeordnet sind, dass das 
Kiihlfluid zu mindestens einem von einem Hal- 

50 steil (13) und einem Rumpfteil des geformten 

Gegenstandes gefiihrt wird; 

iii) Nuten entlang einer ausseren Oberflache 
des Kuhlstifts (74, 174); 

55 

iv) Rippen (86), die in Abstanden um die Peri- 
pherie des Kuhlstifts (74, 1 74) platziert sind und 
die aus dem Kuhlstift herausragen, um in Be- 
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trieb iiber eine Lange jeder Rippe eine raumli- 
che Trennung einer ausseren Oberflache des 
Kuhlstifts und der internen Wand des geform- 
ten Gegenstandes (226, 228) zu verringern; 
und 5 

v) eine Vielzahl von Kontaktelementen (88) ent- 
lang einer ausseren Oberflache des Kuhlstifts 
(74, 174). 

w 

15. Vorrichtung nach einem der Anspruche 8 bis 1 4, da- 
durch gekennzeichnet, dass das Endarm-Gerat 
(60) eine Vielzahl von Haltern enthalt, und dass der 
Rahmen weniger Kiihlstifte (74, 174) umfasst, als 
es Halter am Endarm-Gerat (60) gibt, wobei in Be- '5 
trieb nur selektierte der geformten Gegenstande in 
den entsprechenden Haltern durch angepasstes 
Einfuhren einer Auslassduse eines Kuhlstifts in je- 
den der selektierten geformten Gegenstande ge- 
kuhlt werden. 20 



Revendications 

1 . Procede de refroidissement d'un article moule (48) ? 5 
dont une premiere zone (22) se trouve a une cha- 2. 
leur relativement elevee, et une zone adjacente a 
une chaleur relativement plus basse, le procede 
comprenant : 

30 

I'extraction d'un article moule (48) d'un moule 3. 
forme de demi-moules (16, 18, 32, 36), I'article 
moule (48) etant place dans un recipient (62) 
d'un outil en forme de bras (60) tant que ledit 
article moule conserve une certaine quantite de 35 
chaleur, I'outil en forme de bras etant operation- 
nel entre une premiere position entre les demi- 
moules (16,18, 32, 36), ou le recipient (62) re- 
goit I'article moule (48) et une seconde position 
en dehors du moule (1 6, 1 8, 32, 36); *o 
le retrait de I'outil en forme de bras d'entre les 4. 
demi-moules (16, 18, 32, 36) vers la seconde 
position ; 

un moment apres le retrait de I'outil en forme 

de bras (60) vers la seconde position, I'insertion ts 

de la pointe d'une broche de refroidissement 

(74, 1 74) dans I'article moule (48), I'article mou- 5. 

le etant maintenu dans le recipient ; 

le procede etant caracterise par : 50 

la formation d'un systeme ouvert en relation 6. 
avec la broche de refroidissement et I'article 
moule, le systeme ouvert comprenant un pas- 
sage permettant I'ecoulement du fluide gazeux ss 
de refroidissement de I'interieur de I'article 
moule (48) vers un environnement ambiant, et 
le systeme ouvert etant forme par le position- 



nement de la broche de refroidissement par 
rapport a I'extremite ouverte dudit article moule 
(48), afin de definir un espace entre une zone 
d'une surface externe de la broche de refroidis- 
sement et I'extremite ouverte dudit article mou- 
le (48) adjacent a la zone de la surface externe 
ou I'espace definit le passage ; et 
I'introduction d'un fluide gazeux de refroidisse- 
ment dans un canal interne (90) de la broche 
de refroidissement, ce canal interne se termi- 
nant a la pointe (92) qui, lors de son insertion 
dans I'article moule (48), est eloignee de la pre- 
miere zone (22), le fluide gazeux de refroidis- 
sement etant expulse de la pointe (92) princi- 
palement en direction de la premiere zone, afin 
d'accentuer le refroidissement au moins dans 
la premiere zone (22), moyennant quoi le fluide 
gazeux de refroidissement peut alors s'ecouler 
de I'interieur de I'article moule via le passage 
pour s'echapper sur I'environnement ambiant 
et la cooperation du canal interne et de la poin- 
te, lorsqu'ils sont dans I'article moule, concen- 
trant le fluide de refroidissement sur la premie- 
re zone. 

Procede de refroidissement d'un article moule (48), 
selon la revendication 1 , ou le fluide gazeux de re- 
froidissement est de I'air refroidi sous pression qui 
est insuffle dans le canal interne (90). 

Procede de refroidissement d'un article moule (48), 
selon la revendication 1 ou 2, comprenant par 
ailleurs I'application du refroidissement a des par- 
ties exterieures de I'article moule (48) I'article moule 
etant maintenu dans le recipient, et ou ladite appli- 
cation du refroidissement aux parties exterieures 
est simultanee, en partie simultanee ou sequentiel- 
le avec I'introduction du fluide de refroidissement 
dans le canal interne. 

Procede de refroidissement d'un article moule (48), 
selon I'une quelconque des revendications prece- 
dentes, comprenant par ailleurs la modification, 
dans le temps, de la quantite de fluide de refroidis- 
sement amenee par la broche de refroidissement. 

Procede de refroidissement d'un article moule (48), 
selon I'une quelconque des revendications prece- 
dentes, oil la pointe est conf iguree pour produire un 
flux divergent de fluide de refroidissement. 

Procede de refroidissement d'un article moule (48), 
selon I'une quelconque des revendications 1 a 5, 
ou la pointe de la broche de refroidissement est in- 
troduite dans I'ebauche a une profondeur permet- 
tant au fluide de refroidissement d'atteindre et de 
refroidir une partie interne du dome d'une ebauche. 
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7. Procede de refroidissement d'un article moule (48), 
selon I'une quelconque des revendications 1 a 6, 
comprenant par ailleurs : 

I'eloignement de la pointe (92) d'une premiere 
distance d de la premiere zone de Particle mou- 
le (48) ; et 

I'eloignement d'une paroi laterale (224) de la- 
dite broche de refroidissement (74, 174) d'une 
seconde distance D des parois laterales inter- 
nes (228) de I'article moule (48) ; 

ou le rapport de la premiere distance a la se- 
conde distance d:D se situe dans une plage allant 
d'environ 1:1 a environ 10:1. 

8. Appareil destine au refroidissement d'un article 
moule (48) fabrique dans un moule a injection forme 
de deux moities de moule (16, 18, 32, 36), I'article 
moule ayant une premiere zone (22) a une chaleur 
relativement elevee, et une zone adjacente a une 
chaleur relativement plus basse, I'appareil 
comprenant : 

un outil en forme de bras 60) portant au moins 
un recipient (62), I'outil en forme de bras (60) 
etant operationnel, en cours d'utilisation, entre 
une premiere position entre les moities de mou- 
le (16, 18, 32, 36) ou il recoit I'article moule (48) 
dans un au moins des recipients respectifs 
(62), et une seconde position a I'exterieur du 
moule (16, 18, 32, 36), I'article moule (48) se 
trouvant, en cours d'utilisation, dans un au 
moins des recipients respectifs (62) tant que 
I'article moule conserve une certaine quantite 
de chaleur ; 

une broche de refroidissement (74, 1 74) sur un 
bati (98) adjacent a la seconde position , la bro- 
che de refroidissement se terminant en pointe 
(92) et le bati (98) etant prevu pour, en cours 
d'utilisation, se deplacer par rapport a I'outil en 
forme de bras (60) de facon a pemnettre I'inser- 
tion de la pointe de la broche de refroidisse- 
ment (74, 1 74) dans I'article moule (48) des que 
I'outil en forme de bras (60) atteint la seconde 
position ; 

caracterise en ce que : 

la broche de refroidissement (74, 1 74) a un ca- 
nal interne (90) se terminant au niveau de la 
pointe (92) qui, lors de son insertion dans I'ar- 
ticle moule (48) par deplacement relatif du bati 
(98) et de I'outil en forme de bras (60), se trouve 
dans I'article moule mais eloigne de la premiere 
zone (22), et ou la broche de refroidissement 
(74, 1 74), en cours d'utilisation, peut etre rac- 
cordee a un systeme d'alimentation en fluide 



de refroidissement destine a injecter le fluide 
gazeux de refroidissement dans le canal inter- 
ne (90) et a expulser le fluide gazeux de refroi- 
dissement de la pointe (92) principalement en 
5 direction de la premiere zone afin d'accentuer 

le refroidissement dans au moins la premiere 
region ; 

le bati (98) est positionne, pendant I'expulsion 
du fluide gazeux de refroidissement de la poin- 
w te (92) par rapport a I'outil en forme de bras, de 

facon a definir, en cours d'utilisation, un syste- 
me ouvert comprenant un passage permettant 
au fluide gazeux de refroidissement de debou- 
cherde I'interieurde I'article moule (48) vers un 
*5 environnement ambiant ; et oil 

I'appareil est operationnel pendant I'expulsion 
du fluide gazeux de refroidissement de la poin- 
te (92), pour eloigner le bati de I'outil en forme 
de bras (60), le passage du systeme ouvert 
etant produit par la formation d'un espace entre 
une zone d'une surface externe de la broche 
de refroidissement (74, 174) et une extremite 
ouverte de I'article moule, tous deux se trou- 
vant, en cours d'utilisation, dans le recipient 
respectif adjacent a ladite zone de la surface 
externe de la broche de refroidissement (74, 
174). 

9. Appareil, selon la revendication 8, oil I'appareil est 
dispose de facon a introduire la pointe de la broche 
de refroidissement dans I'ebauche a une profon- 
deur permettant au liquide de refroidissement d'at- 
teindre et de refroidir une partie du dome interne 
d'une ebauche. 

10. Appareil, selon la revendication 8 ou 9, ou le bati 
positionne la broche de refroidissement dans I'arti- 
cle moule (48) de facon que : 

i) la pointe (92) soit decalee d'une premiere dis- 
tance d de la premiere zone de I'article moule 
(48) ; 

ii) une paroi laterale (224) de ladite broche de 
refroidissement (74, 174) soit situee a une se- 
conde distance D des parois laterales internes 
(228) de I'article moule (48) ; 

et un rapport de la premiere distance a la se- 
conde distance d:D se situe dans une plage allant 
d'environ 1:1 a environ 10:1. 
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11. Appareil, selon I'une quelconque des revendica- 
tions 8 a 1 0, ou le fluide gazeux de refroidissement 
est refroidi a I'air pressurise insuffle dans le canal 

55 interne (90). 

12. Appareil, selon I'une quelconque des revendica- 
tions 8 a 11, comprenant par ailleurs une soupape 
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amenant des quantites regulees de fluide gazeux 
de refroidissement jusqu'a la broche de refroidisse- 
ment (74, 174). 

13. Appareil, selon I'une quelconque des revendica- 5 
tions 8 a 12, ou la pointe a une structure a buse 
divergente et a buse a parois droites, et oil le canal 
interne et la pointe, lorsqu'ils se trouvent dans I'ar- 
ticle moule, dirigent le fluide gazeux de refroidisse- 
ment vers une zone entourant principalement une '<> 
premiere zone (22). 

14. Appareil, selon I'une quelconque des revendica- 
tions 8 a 13, ou la broche de refroidissement a I'une 
des caracteristiques suivantes : 15 

i) un diametre variable sur sa longueur ; 

ii) des sorties laterales (82) pour le fluide ou des 
conduits radiaux (320) sur les cotes de la bro- 
che de refroidissement, les sorties laterales ou 2° 
les conduits radiaux etant couples au canal in- 
terne (90) et disposes de facon a dinger le flui- 
de de refroidissement vers une au moins des 
parties col (13) et corps de I'article moule ; 

iii) des rainures le long d'une surface exterieure 25 
de la broche de refroidissement (74, 1 74) ; 

iv) des nervures (86) reparties sur la peripherie 
de la broche de refroidissement (74, 1 74), les 
nervures etant en relief sur la broche de refroi- 
dissement pour reduire, en cours d'utilisation, 30 
sur une longueur de chaque nervure, une se- 
paration dimensionnelle d'une surface exte- 
rieure de la broche de refroidissement jusqu'a 

la paroi interne de I'article moule (226, 228) ; et 

v) plusieurs elements de contact (88) sur une 35 
surface exterieure de la broche de refroidisse- 
ment (74, 174). 

15. Appareil, selon I'une quelconque des revendica- 
tions8a14ou: 40 

I'outil en forme de bras (60) comprend plusieurs 
recipients ; et 

le bati comprend moins de broches de refroi- 
dissement (74, 1 74) que de recipients sur I'outil « 
en forme de bras (60) ; 

moyennant quoi, en cours d'utilisation, seuls 
les articles selectionnes parmi les articles mou- 
les sont refroidis par I'insertion, alignes, de la 
pointe d'une broche de refroidissement dans 50 
chacun des articles moules selectionnes. 
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FIG. 7(a) 
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FIG. 11(c) 
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FIG. 16 
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FIG. 18(b) 
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